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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]At the RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. And in the WID, multiple TTI scheduling and HARQ operation are included. And in the RAN1 Ad-hoc meeting, the below agreements were reached on HARQ for NR-U.
Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result
Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16
In this contribution, we discuss scheduling and HARQ aspects for NR-U, such as multiple TTI scheduling, HARQ-ACK transmission and HARQ-ACK codebook and so on.
 Scheduling and HARQ aspects
HARQ-ACK aspects
Multiple opportunities for HARQ-ACK transmission
[bookmark: OLE_LINK5]Currently NR supports flexible DL/UL scheduling and HARQ feedback timing by dynamic indication in the DCI, for example, the timing between PDCCH and PDSCH and the timing between PDSCH and HARQ-ACK, or the timing between PDCCH and PUSCH. However, due to LBT, a UE may not be able to access the unlicensed channel at the time scheduled for PDSCH/PUSCH transmission or ACK/NACK feedback according to the timing indicator. Therefore, NR-U should consider the effect of LBT failure on HARQ-ACK transmission.
The TR38.889 includes a list of alternatives to support HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback. The five alternatives are included in the table below. 
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)
Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields
Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI



Firstly, multiple opportunities for HARQ-ACK transmission can be configured in NR-U to alleviate the impact of LBT failure. For example:
· Multiple candidate carriers/BWPs can be configured for HARQ A/N transmission.
· Multiple candidate slots can be configured for HARQ A/N transmission.
Proposal 1: At least Alt4 and Alt5 should be supported to provide multiple opportunities for HARQ-ACK feedback, such as multiple opportunities for HARQ-ACK transmission can be supported in NR-U, such as multiple carriers/BWPs/slots.
Furthermore, to implement multiple opportunities in time domain for HARQ-ACK transmission, below potential solutions for HARQ-ACK feedback can be considered.
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
· Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
· Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
For alt1, it has better robustness than alt2 and alt3 and it has reached agreement to support this option, but some specification influence should be considered, such as a new DCI or a new field in the DCI contained the HARQ process ID or HARQ process ID group should be defined for trigger earlier COT HARQ feedback. Besides, two times of CCA should be performed for gNB sending DCI and UE feedback HARQ-ACK.
For alt2, it will possibly cause ambiguity on HARQ-ACK payload between gNB and UE. However, if UE transmit the HARQ process information corresponding to PDSCH to gNB with the feedback HARQ-ACK, then there would be no alignment issues. Furthermore, alt2 and alt1 can be combined used, such as a timer can be configured, if UE has not receive the gNB trigger information before the timer expire, it can use alt2.
For alt3, gNB can use PDSCH-to-HARQ-timing-indicator to inform UE that the HARQ-ACK feedback for a PDSCH is to be transmitted in the next COT, therefore no specification change is needed, but the reliability is not assured, because UE may perform category 4 LBT to acquire the COT and then transmit HARQ-ACK.
In conclusion, we see each Alt has the merits and the demerits, therefore, all three methods mentioned above can be considered.
Proposal 2: both gNB explicit request/trigger and UE implicit report methods can be considered for HARQ-ACK transmission.
HARQ-ACK codebook
For NR both semi-static and dynamic HARQ-ACK codebooks are supported to achieve multiple TBs, TTIs, carriers, and CBGs HARQ-ACK transmission in a HARQ-ACK codebook at the same time.
For NR-U semi-static HARQ-ACK codebook, due to potential supplementary transmission of HARQ-ACK as discussed in Section 2.2, the HARQ-ACK codebook size could be very large, e.g., a huge burden for UL control channel. However, it can avoid misunderstanding. In contrast, dynamic HARQ codebook has the benefit of significant overhead reduction because only the actual scheduled PDSCHs need to be acknowledged. And the DAI mechanism can help to indicate UE the total number of bits of HARQ-ACK. However, the existing DAI has only 2 bits. If PDSCH cannot be transmitted due to LBT failures accumulated over 4 times, the ambiguity between UE and gNB can still occur. Therefore, enhanced DAI mechanisms should be considered to indicate HARQ feedback of PDSCH(s) including the accumulated unacknowledged PDSCH(s) due to LBT failures. 
Proposal 3: Both semi-static and dynamic HARQ-ACK codebook can be supported, and some further enhancements to DAI should be considered. 
 Scheduling enhancement
PUSCH scheduling
NR supports flexible frame structure by semi-static UL/DL configuration through cell-specific and UE-specific RRC assignment and dynamic slot formation indication through common DCI. The transmission of PDSCH and PUSCH can be scheduled in the duration of symbols, slot, or multi-slots with flexible starting/ending points. Such flexible frame structure and scheduling scheme can be reused in unlicensed bands with some enhancements to improve the frequency utilization efficiency and to reduce channel access delay due to LBT. For example, multiple opportunities can be configured to UE, a single UL grant with multiple time and frequency domain resources (such as multiple BWPs/sub-bands) is indicated to UE by PDCCH, and this scheme can be used both in initial scheduling and retransmission scheduling.
Proposal 4: 
· Flexible scheduling scheme in NR can be inherited in unlicensed bands with some enhancements to improve the frequency utilization efficiency and to reduce channel access delay due to LBT. 
·  Multiple opportunities for PUSCH transmission can be configured to UE. 
Multiple TTIs scheduling 
In LAA, multi-subframe scheduling was specified in Rel-14 where a single DCI can schedule multiple consecutive UL subframe transmissions. This scheme can be reused for NR-U and each UE can be scheduled with multiple PUSCHs in the consecutive slots. To improve transmission efficiency and reduce DCI overhead, multi-slot TTI with different TB per slot could be better. In the SI stage, two methods can be considered for multiple TTI scheduling, we discuss them in details below.
· Option 1: Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U
In this case, a single grant is able to schedule several PUSCH slots, and at least the same MCS and resource allocation can be applied to all PUSCH transmission. Therefore, the signalling overhead can be reduced when the number of scheduled UL slots increases. For DCI design, the DCI content in format 0B/4B defined in eLAA can be a reference，such as the number of scheduled UL slots can be dynamically indicated to UE, some schedule information can be the same and common for all the scheduled slots and some schedule information can be separately indicated and can be different. For NR-U, as CBG based scheduling has been introduced, then the DCI design should be considered. Besides, how to indicate the multiple PUSCH starting points should be considered.
· Option 2: Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
Option 2 requires several DCIs to be transmitted to the UE in one DL slot, and these DCIs can be carried on one PDCCH with joint coding or multiple PDCCHs with separate coding. The signalling overhead is higher than Option 1. These DCIs may be different. For example, different MCSs and resource allocations can be applied to different PUSCH transmissions. It may make sense when N is non-consecutive or scheduled UL slots belong to different TXOP in which the CSI is different and scheduling flexibility can be achieved.
Option 2 can also reduce UL grant delay.  However, UE PDCCH blind detection complexity would increase significantly with large number of ULs although these UL grants are in the same PDCCH monitoring occasion. From above discussion we can see both options can be further studied for NR-U.
Proposal 5: 
· Scheduling multiple TTIs for PUSCH using a single UL grant or multiple UL grant can be considered.
· The scheme used in LAA for one UL grant scheduling multiple TTIs can be a starting point, further enhancement on DCI design should be considered.
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In this contribution, we discuss scheduling and HARQ aspects for NR operation in unlicensed spectrum, and have the following proposals:
Proposal 1: At least Alt4 and Alt5 should be supported to provide multiple opportunities for HARQ-ACK feedback, such as multiple opportunities for HARQ-ACK transmission can be supported in NR-U, such as multiple carriers/BWPs/slots.
Proposal 2: both gNB explicit request/trigger and UE implicit report methods can be considered for HARQ-ACK transmission.
Proposal 3: Both semi-static and dynamic HARQ-ACK codebook can be supported, and some further enhancement should be considered. 
Proposal 4: 
· Flexible scheduling scheme in NR can be inherited in unlicensed bands with some enhancements to improve the frequency utilization efficiency and to reduce channel access delay due to LBT. 
·  Multiple opportunities for PUSCH transmission can be configured to UE. 
Proposal 5: 
· Scheduling multiple TTIs for PUSCH using a single UL grant or multiple UL grant both can be considered.
· The scheme used in LAA for one UL grant scheduling multiple TTIs can be a starting point, further enhancement on DCI design should be considered.
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